Traveling is one of most popular tourism activity. Usually it is associated with the change of climate conditions. In a short time we can move to different environment and our organisms are under great pressure of atmospheric stimuli which have diverse level and range of variability in comparison to home location. The general climate information seem to be insuffi cient to be prepared to new conditions. The paper presents new complex index which can be used to assess contrasts of bioclimatic conditions (BCI). It was applied to compare differences in bioclimatic conditions in six stations represented various bioclimate regions of Poland: Koszalin (Coastal region), Białystok (North-East region), Warszawa and Wrocław (Central region), Rzeszów (South-East region) and Hala Gąsienicowa (Tatras, Carpathians region).
INTRODUCTION
For people travelling for long distances very important is information about climate contrasts they can experience in particular destinations in comparison to home location. Their organism must adapt to new climate stimuli. At several researches adaptation strategies of human organism to varying atmospheric stimuli are discussed (Jendritzky, Dear 2008) . The special attention is paid for keeping homeothermy, i.e. constant core temperature (about 37ºC) in varying thermal environment. In particular ranges of ambient temperature various acclimation processes play leading role (Broede et al. 2011 , Table 1 ).
In cold environments all physiological efforts of an organism lead to minimise heat loss from the body. The centre of thermoregulation reduce skin blood fl ow which results in decrease of skin temperature and increase in thermoinsulative properties of skin (Blanc 1975; Clark, Edholm 1985) . Additionally, muscles produce heat by shivering thermogenesis (Fiala et al. 1999 (Fiala et al. , 2001 ). The autonomic mechanisms of temperature regulation are usually supported by behavioral thermoregulation, mostly by using of well insulative clothing (Holmér 1988 ; ISO/DC 11079). DOI: 10.2478/v10288-012-0004-7 In hot conditions physiological processes lead to intensive expenditure of heat from the body. The most important is increasing of skin blood fl ow. It resulted both, in activation of sweat glands and in intensifying of cardiac output (Beaumont, Bullard 1965; Garden et.al. 1966; Givoni, Goldman 1973) . Evaporation of sweat reduce risk of body overheating (Kenney 1985) . However, it also lead to disturbances in water and mineral balances of an organism (Błażejczyk, Szygula 2004) .
In spite of relatively good knowledge of thermal adaptation mechanisms there are only few attempts to fi nd objective, quantitative method of assessing bioclimatic contrasts of particular areas and/or seasons. One of the fi rst is concept of Bioclimatic Distance index proposed by Mateeva and Filipov (2003) . The index bases on comparison of effective clothing insulation (ECI) necessary for keeping balance between heat gains and heat losses in the human body. ECI is calculated by MENEX human heat balance model (Blazejczyk 2001) taking constant skin temperature of 32ºC. The BD index is calculated as follows:
where numerical coeffi cient 13 is expressed in clo and it represents maximal ECI difference.
The authors successfully used BD index for climatic conditions of Balkan Peninsula using mean monthly meteorological data. However, when trying to use BD to more differentiated climate conditions and for daily meteorological data several problems arise. Firstly, for specifi c combinations of meteorological variables the balancing of heat gains and heat losses by changing of clothing insulation is impossible. Secondly, for specifi c situations calculated ECI obtain unrealistic values (e.g. 45 clo). Additional weakness of BD index is using only one measure of heat stress which is important in cold environments.
De Grigorieva (2009, 2010) propose Acclimatization Thermal Strain Index (ATSI). It bases on the Rusanov (1989) concept of heat loss by respiration used to assess bioclimatic conditions at Siberia region. ATSI index considers heat loss by respiration at home location (Res h ) and at studied destination (Res d ) and is calculated as follows: The authors successfully used ATSI for bioclimatic assessment of Russian Far East. The greatest weakness of such index is using respiration at home location as reference value. Such assumption leads to great differences in ATSI when considering various home locations. It can be used only for assessing adaptation stress when traveling one way. Additionally, respiratory heat loss is physiological measure of heat stress important only in cold climates. Thus, usefulness of ATSI for general bioclimatic comparisons is limited.
Taking into consideration weaknesses of existing methods the aim of this paper is to present new, complex index of bioclimatic contrasts (BCIBioclimatic Contrast Index). It was applied to assess bioclimatic contrasts between particular locations in Poland, represented various bioclimatic regions.
METHODS AND MATERIALS
Bioclimatic Contrast Index (BCI) consists of various measures used for validation of bioclimatic conditions. The applied measures represent whole range of thermal environments. Water Loss (SW) is a measure of adaptation to hot environments, Insulation Predicted (Iclp) represents acclimation stress in cold conditions. Physiological Subjective Temperature (PST) is a measure of thermal sensations caused by actual weather conditions. However, Universal Thermal Climate Index (UTCI) represents intensity of heat stress in wide range of environmental conditions. BioKlima 2.6 software package was used for the calculations of all indices (www.igipz.pan.pl/geoekoklimat/ blaz/bioklima.htm).
Water loss from the skin due to water diffusion and sweating (SW, in g • hour -1 ) is calculated for actual thermal and wind conditions assuming relative air humidity equal to 5% and metabolic heat production of 135 W • m -2 using the following equation (Blazejczyk 2007 (Blazejczyk , 2010 :
For explanations of variables see Annex 1. Insulation Predicted (Iclp, in clo) gather two approaches: Burton and Edholm (1955) concept for assessing total insulation of clothing and surrounding air layer (I tot ) as well as Fourt and Hollies (1970) equation of insulation of air layer (I a ):
where:
Physiological Subjective Temperature (PST) is derived from the MENEX_2005 human heat balance model (Blazejczyk 2007 , Błażejczyk, Matzarakis 2007 and it represents subjective feeling of the thermal environment by persons after 20 min of adaptation to ambient conditions. The following equations are used for the calculations:
The UTCI is defi ned as the air temperature (t) of the reference conditions causing the same physiological response as the actual weather condition (Blazejczyk et al., 2010; Broede et al., 2011) . The UTCI is a one-dimensional quantity which adequately refl ects the human physiological reaction to the multi-dimensionally defi ned actual thermal condition. Both, meteorological and non-meteorological (metabolic rate and thermal resistance of clothing) reference conditions were defi ned: a wind speed of 0.5 m/s at 10 m height, a mean radiant temperature equal to air temperature and vapour pressure that represent relative humidity of 50% (at air temperatures >29ºC the reference humidity was taken constant at 20 hPa). A representative activity (135 W • m -2 ) to be that of a person walking with a speed of 4 km/h (1.1 m/s). In routine applications UTCI can be calculated using an approximating regression polynomial function up to 6 th order. The least square estimates of the 210 coeffi cients were found (Blazejczyk et al., 2010 , Broede et al., 2011 . Positive values of BCI and its components indicate "warmer" conditions at home location then at chosen destination. However, increase of absolute values of indicators illustrates increase in intensity of adaptation processes in an organism, and consequently they tell about rising contrasts of bioclimatic conditions. The particular ranges of absolute values of BCI can be assessed as follows: To validate BCI the bioclimatic contrasts were calculated for every pair of stations for each day of the studied period. BCI characteristics (mean, maximum, minimum values and frequency of particular ranges) were defi ned for consecutive decades of months. Table 2 shows mean and maximum annual BCI values for studied stations' pairs. The largest mean bioclimatic contrasts were found for Tatra Mts. in comparison to other locations in Poland. The most intensive adaptation processes are necessary when traveling to Tatras from Rzeszów, Warszawa and Wrocław. Bioclimatic conditions in Coastal region (Koszalin) also differ signifi cantly from other regions. The smallest differences are observed for Warszawa and Wrocław as well as for Warszawa and Białystok. In general, similar each other bioclimatic conditions occur in all lowland and upland regions of Poland (regions I -VI at fi gure 1). The highest maximum BCI values were found for Koszalin, represented Coastal region and for Hala Gąsienicowa, represented Carpathian region. However, the smallest maximum bioclimatic contrasts were observed for Warszawa in comparison to Wrocław and Białystok.
RESULTS
When planning travels we must also consider seasonal differences in bioclimatic conditions. As seen at fi gure 2 the largest bioclimatic contrasts, both mean and maximum BCI values, occur in warm period of the year (from May till September or even October). Such seasonal differentiation of bioclimatic contrasts are mostly observed at two destinations: coastal and mountain. In average, travels to those destinations from other regions can involve increased adaptation processes in human organisms.
In particular days maximum BCI values can reach 90-100 which indicate extreme bioclimatic contrasts. They occur mostly in summer and are related to great differences in evaporative water loss, thermal sensations and heat stress. Coastal and mountain areas are considerably cooler and water loss Wrocław people can experience similar adaptation stress like during travels to coastal and mountain locations. However, for nearer destinations, e.g. Warszawa-Białystok, Warszawa-Wrocław or Warszawa-Rzeszów, bioclimatic contrasts are in average small (BCI of 5-10) of at last signifi cant (BCI of 10-20) (Fig. 3) . In bioclimatic analysis very important is also frequency of particular ranges of BCI and the directions of adaptation processes. Tables 3 and 4 contain frequency of particular ranges of actual BCI values between pairs of stations. Positive BCI ranges indicate warmer conditions at home locations then at destination sites. And vice versa negative BCI values tell us that destination represents warmer conditions in comparison to home location.
In general, for the whole year (Table 3) for the stations located outside mountain regions the most frequent are days with insignifi cant contrast of bioclimatic conditions. Such situations occur up to 37-38% days when traveling from Warszawa to Wrocław and from Warszawa to Białystok. During travels from lowland sites in Poland to Tatra Mts. we must be prepared for cooler conditions observed there in comparison to home locations. At almost half days of the year the contrasts are great or even more sever. Extremely cooler conditions occur at 13-15% days of the year. Traveling to coastal region from other cities in Poland is related with at last great bioclimatic contrasts at about 17-23% of days in the year. >50.0 14.7 4.8 0.9 1.9 2.9 7.3 13.6 12.9 13.0 4.5 3.5 1.9 1.8 2.5 1.7
→ indicates direction of travel
In particular seasons the frequencies of various ranges of bioclimatic contrasts are very differentiated. In general, in winter (December-February) for majority of Poland insignifi cant contrasts predominate. When traveling to mountains or to the coastal area the contrast can be small or up to signifi cant. Great or more sever contrasts can occur at 1 to 17% of winter days. In summer (June-August) at last great bioclimatic contrasts can be experienced at 70-80% of days when moved to Tatra Mts. We must be there prepared for signifi cantly cooler conditions in comparison to our home location. High frequency (30-40%) of cooler situations is also observed when moving to coastal resorts. During spring and autumn we can experience increased, very intensive or even extremely intensive adaptation to cold at 30-60% of days (Table 4) . <-20.0 3.2 7.6 11.7 3.0 13.0 1.9 2.0 3.2 1.9 9.2 8.6 7.1 4.0 9.8 3.1 >20.0 39.8 9.5 5.7 2.5 6.2 43.0 43.2 34.9 48.5 14.1 7.2 11.0 9.6 9.0 2.7
DISCUSSION
Many research deals with specifi city of bioclimatic conditions in particular locations. The analysis are usually made from the point of view of tourism (Blazejczyk 2007 a; Dubaniewicz et al., 1988 Dubaniewicz et al., , 1989 , recreation (Blazejczyk, 2007 b; Bogucki ed. 1999 ) and health resorts (Kozłowska-Szczęsna et al., 2002) . We can also fi nd several papers trying to compare different regions and/or stations (Błażejczyk 2003 (Błażejczyk , 2004 Kozłowska-Szczęsna et al., 1997 , Krawczyk, 1993 ). However, the authors used various indices as well as the comparative studies have usually qualitative character.
BCI is the fi rst attempt to made quantitative analysis of compared locations. The results obtained confi rm individual character of particular bioclimatic regions of Poland. BCI very well underline bioclimatic specifi city of mountain and coastal regions. Signifi cantly different are also North-East and South-East regions of Poland.
The mathematical formulation of BCI make possible to use it not only for general spatial analysis of bioclimate. It can be also applied to defi ne possible bioclimatic contrasts in particular days as well as in weather forecasts. It seems that temporal variability of bioclimatic conditions can be studied as well. Taking into consideration the results presented in the paper it can be stated, that BCI index is an objective measure in studies dealing with the spatial contrasts of bioclimatic conditions. 2 ) after 20 min of adaptation (for detail calculating procedures see: www.igipz.pan.pl/geoekoklimat/blaz/ MENEX_2005.pdf), SW d -water loss at chosen destination (g/l), SW h -water loss at home location (g/l), t -air temperature (ºC), Ts -skin temperature (ºC), Ts = (26.4+0.02138·Mrt+0.2095·t-0.0185·f-0.009·v)+0.6·(Icl-1)+0.1728, UTCI d -heat stress at chosen destination (ºC), UTCI h -heat stress at home location (ºC), v -wind speed at 1.2 m (m/s), vp -actual air vapour pressure (hPa), vp 5 -air vapour pressure (hPa) at actual air temperature and relative humidity of 5%, vp sk -saturated vapour pressure (hPa) at actual skin temperature, w -skin wettedness, w = 1.031/(37.5-Ts)-0.065, (at Ts > 36.5°C w = 1.0 and at Ts <22°C w = 0.001), www.igipz.pan.pl/geoekoklimat/blaz/MENEX_2005.pdf) s -Stefan-Boltzman constant (= 5.667·10 -8 , W·m 2 ·K -4 )
